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Abstract 
From 1871 to 1975 there was little change in the gas composition of Krafla fluids. Parts of the system were affected 
by magmatic gas during the Krafla fires of 1975-1984. In some parts the gas composition has gradually come back to 
the pre-1975 levels, but gas concentrations have risen elsewhere, apparently due to heating in parts that were not 
directly affected by volcanic gas. 
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1. Introduction 
The Krafla high-temperature geothermal system lies in the northern part of the neo-volcanic zone in 
Iceland, within the caldera of the Krafla central volcano formed about 105 years ago [1]. Volcanic activity 
is extensive, the last eruptive period lasting from 1975 to 1984 during which 9 eruptions took place. 
Geothermal exploration started in 1970. The first wells were drilled in 1974, when a decision was made to 
build a 60 MWe power plant concurrent with drilling. The construction was completed in 1977, the plant 
commissioned in 1978 with sufficient steam to produce 7 MWe due to problems related to the volcanic 
activity. Drilling was moved to two new fields that had been less affected and in 1984 the full capacity of 
one of the 30 MW turbines was reached. The reservoir recovered and in 1999 the power station reached 
the full 60 MWe. Permits have been obtained for a 40 MWe power station and 8 wells have been drilled, 3 
in previously untapped fields. One well has been drilled for the Iceland Deep Drilling Project. 
The area (Figure 1) has been divided into the sub-fields Leirbotnar (Lower Leirbotnar, Vítismóar), 
Sudurhlídar, Vesturhlídar, Sandabotnar, Hvíthólar, Vestursvædi, Leirhnúkur. In the Leirbotnar field the  
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Fig. 1. Krafla. Subfields, wells, fumaroles. (K: wells; G: fumaroles). 
 
system comprises an upper zone down to 1000-1400 m depth, which is liquid dominated with a 
temperature of 190-220°C and sulphate the major anion, and a lower two phase zone at about 300°C (on 
the boiling point curve) with chloride the main fluid anion. Hvíthólar is a two phase system following the 
boiling curve to about 1000 m depth with chloride the main anion but is cooler and liquid dominated 
below that with sulphate the main anion. A two-phase fluid (boiling point curve) from a reservoir at about 
260°C with chloride the main fluid anion is observed in Sandabotnar. In Sudurhlídar and Vesturhlídar the 
boiling point curve is followed and a two-phase fluid of about 300°C is delivered whose main anion is 
chloride.  All these groups contain dilute waters of close to neutral pH. The characteristics of  the fluid 
from the Leirhnúkur area well were similar to those of the Sudurhlídar and Vesturhlídar wells. No well 
has discharged from the Vestursvædi area that seems cool and unproductive.  
Three separate upflow channels for geothermal fluids have been identified, the major one associated with 
the Hveragil fissure. The recharge is essentially local in origin according to isotopic ratios [2] although 
the Suðurhlídar, Hvíthólar and Sandabotnar sub-fields may be recharged from far south of the field. The 
objective of this study is an attempt to relate the variability in gas composition between fields, between 
wells and with time to the above history and different depths of drilling.  
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Table 1. Overview of fumarole gas studies in Krafla 1871-2012 
Year Purpose Fumaroles studied Reference 
1871 Early research Probably in Sudurhlidar [3] 
1906 Early research G-12 [4] 
1950-1951 Possible utilization G-1, G-3, in Leirhnúkur [5] 
1970 Reconnaissance G-1, G-4, G-12, G-16, in Leirhnúkur Gudmundsson et al.1971 
cited [6] 
1976-1977 Volcanological research G-4, G-6, G-12, in Leirhnúkur Óskarsson 1978 cited [6] 
1978 Utilization cf. volcanic gas G-1 to G-12 Gíslason er al. 1978 cited [6] 
1979 Utilization cf. volcanic gas G-1 to G-25 [6] 
1980-1987 Orkustofnun monitoring Various Behjamínsson et al. 1987; 
Benjamínsson, Yngvason 
1987 cited [7] 
1988-2011 Landsvirkjun monitoring Various [7,8] 
1995-1996 Geothermometer research G-1, G-3, G-5, G-10, G-12, G-16, two in Leirhnúkur [9] 
2006, 2012 ÍSOR study G-8, G-12, G-13 ÍSOR database 
 
2. Studies of Krafla gas 
The first records of the determination of the composition of Krafla gases are by Christenson [3] on 
samples collected in 1870. Gas was collected from the area intermittently until the 1970s when the 
exploration for geothermal energy and the volcanic activity caused an increased interest (Table 1). It was 
found from solubility curves for CO2 and H2S for the temperatures prevailing in the Krafla system that the 
mass ratio CO2/H2S should be in the range 5-30, and higher values were interpreted as showing an influx 
of magmatic gas [10]. In Figure 2 there is a record of the CO2/H2S ratio in steam from fumaroles from 
Vesturhlídar (G-12), Leirhnúkur (G-19), Sudurhlidar (G-5) and Hvíthólar (G-26), with time, and in Figure 
3 a record of the same in steam from wells from Vesturhlídar (K-34), Leirbotnar (K-15), Leirhnúkur (K-
35), Sudurhlídar (K-14) and Hvíthólar (K-21).  In older wells from Leirbotnar (K-3 and K-7) a large 
increase in the CO2 concentration and the CO2/H2S ratio were observed subsequent to the onset of the 
Krafla fires [10].  In Leirbotnar, one of the main production areas, there are no good fumaroles.. 
3. Interpretation 
The fumarole composition in the area was relatively stable from 1871 to 1975 when the Krafla fires 
started. Their effects were apparently twofold. Firstly a large amount of volcanic gas swamped parts of 
the system, sending the gas composition out of equilibrium but gradually to a new equilibrium [10]. 
Secondly other parts seem to have become hotter due to the proximity of magma, and the gas composition 
changed accordingly. In Vesturhlídar a large inflow of volcanic gas was observed during the magmatic 
events, gradually waning with spurts until the mid-1990s, and the field is apparently considerably hotter 
than before. In Leirbotnar a large inflow of volcanic gas was observed during the magmatic events, 
gradually waning to similar concentrations as before, thus with insignificant heating. In Leirnhúkur a 
large inflow of volcanic gas was observed during the magmatic events which very soon declined to 
similar concentrations as before, thus with insignificant heating. In Sudurhlídar no changes due to a 
volcanic gas inflow were observed, but gradual heating to a maximum in the early 1990s but seems to 
have stabilised now at a significantly higher temperature than before. In Hvíthólar neither an excess of 
volcanic gas nor heating have been observed.  
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Fig. 2. Some Krafla fumaroles. CO2/H2S ratio in steam.             Fig. 3. Some Krafla wells. CO2/H2S ratio in steam. 
 
Of the deep wells, K-35, K-36, K-38, K-39 and IDDP-1 (Figure 1), K-39 and IDDP-1 have hit magma. 
Their fluid is generally acid due to HCl. Their CO2 concentration and CO2/H2S ratio are low with 
reference to solubility data, and thus the CO2 gas geothermometer yields low values. Similar results have 
been obtained for deep hot wells in other geothermal areas in Northeast Iceland. 
 
Table 2. Krafla wells K-35, K-36, K-38, K-39, IDDP-1.  CO2 concentrations and CO2/H2S ratio1) 
Well No. CO2 mg/kg CO2/H2S 
K-35 3,300-4,000 5.2-9.2 
K-36 6,800 1.9 
K-38 8,300-17,700 6-14 
K-39 6,300-8,100 11-13 
IDDP-1 490-810 1.2-1.8 
1) Data from ÍSOR database except K-39 information from Landsvirkjun 
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